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® Bloodfrac«on.tlon«y«tem,eppw.tus«Hlp«thw.yandma«^ 

@ There Is described a blood fractionation system, appara- 
tus and method of processing blood. 

^7\»\iP> <l«erib«J . Wood frsctionrtion p«hway 
(1 -laforuMwith aeentrifooal blood frwtionation apparatu. 
Oe - 31) and pfrtwaWy indydinQ a substantially toroidal aep- 
■radon chamber 
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mnnd Fractio "^H»n Svaten.. App--"" ^^^^^ 
Method of Processing Blood 

This invention relates to a blood fractionation 
system, a blood fractionation apparatus and a blood 
fractionation pathway, and nethods of processing blood. 

Several methods and apparatus have been developed for 
the in-vivo processing of whole blood, in which whole 
blood. is taken from a donor, a desired blood component 
separated and collected and the processed blood returned 
to the donor. One such technique is plasmapheresis, in 
} which whole blood is separated into a plasma component and 
a cellular component. 

In-vivo blood processing apparatus is usually used in 
association with a disposable fractionation pathway, which 
includes a separation chamber, first and second blood 
15 component collection chambers, first and second blood 
component conduits for establishing fluid communication 
between the separation chamber and the first and second 
blood component collection chambers respectively, and a 
donor conduit capable of establishing fluid communication 
20 between a donor and the separation chamber. 

In-vlvb blood processing apparatus may be of the 
centrifugal type. In which the differing density of the 
collected blood component causes the components to 
congregate for collection at particular radial distances 
25 m a centrifuge, or may be of the filter type, In which 
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particle .l« ot th. coU«.- co^-nt .U«« cnXy 

lection chamber. 

pL. type - 
Ue couecte. bXcoa c»po«nt i. .xpo.eO to hi^ 
.t« on filtration, which cn 1»« to prot.l» 
shear rate, on flit .aaltion the 

ae^raaatlon and lo» of protein act.vlty. 
„!„etlo„ cha^r U .xp«..lv., leaaln, to a hl,h coat 
f«r the disposable pathway. 

' Itrlf^e apparatu, suffer fro. «.a.«nta,. 

-«t«a at high rotational speeds 
that during blood processing, at nign 
Tf o. of blooa co.pon.nt. alon, the fU.t ana second 
l lllt. can he l^eaea h. tM h,Ua-. of air loc.. 
in the eonault.. Thl. proble- of air lock. U a 

• r. o^on to ~.t contmuou. flo« c.«t,lf»«e.. 

alfflcolty coJKin to »o»t ^ 
centrifuge. -Uh either rctatln, ..al. or ...a.le.. 

Tn many blood processing methods, the 
'^"^ Jauferentlal flow rate. In the eonault. I. 

:r:tf air loc. cauae. the .eparatlon prooe.. to 

eurther aUaavant.e of aUpcahle path«,. 
ae.l,n.a for .» I" a centrifuge a^ar.tu. havln, 
roln, .eal I. that either the .eal I. ver, e:^n.Ue 
25 ana/or the ..al I. unreliable. 
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We have now found a blood component fractionation 
system, a blood component fractionation pathway, a blood 
fractionation apparatus and methods for fractionating 
blood which either overcome or substantially mitigate 
5 these disadvantages. 

According to the invention there is provided a blood 
component fractionation system comprising 
a centrifugal rotor chamber, 

a separation chamber adapted for placement within the 

XO rotor chamber 

first and second blood component collection chambers, 
first and second blood component conduits for 
establishing fluid communication between the separation 
chamber and the first and the second blood coi^onent 
15 collection chambers respectively, 

a donor conduit capable of establishing fluid 
communication between a donor and the separation chamber, 

a return conduit for establishing fluid communication 
between one of the blood component conduits and the donor 

20 conduit, 

a donor pump capable of pumping fluid along the donor 

conduit, 

a blood component pump capable of pumping fluid along 
one of the blood component conduits, and system control 
25 means including means responsive to the weight of fluid in 
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, of th. Urt .na .econa blood cc^onent =oU«ticn 
chambers, the syBTic» 

uC-t ». bXooa exponent «U«ao„ c.c,.. 

! . bloca 1. e™tin»a.sly fr» tb. donor 

ji f<rBt blood component is convey 

. onault .bilst no. .ion, th. ..cona blooa 

the tltst blood oOBpooent 
eondult «hil.t £lo« .long th. 

oondult U .top^. °'«'""' °' " 

Ton, th. «U.t blood oo^ent conduit U .to^. 
„ r or«.a .ion, th. ..ona blooa co..n.t condn. 

. . ^ hv the coUected first blood component 
Initiated, by the cojj. «^ fluid 

4 „ hv a pte-determined weight, and flow of fluia 

„o« Of fluid .lon,,th. ft«t blood oo^onent con alt 
« lnltUt.d, by th. coU«t.d .«ona blood co»p»ent 
l«=r...ln9 W . Pre-d.t.mln.d «l,ht. 

^. „l.tlv. »»unt of fluid con«y- .long ..oh o 
^ood co»pon«,t conduit. d.p..s. .1- 
dl».n.lon. Of th. oondult, th. bulK P"^"- J^J^^^, 
« fluid, th. n.tu„ Of th. con^y^cln, th. 
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and the relative period of time for which flow takes place 

in each conduit. 

The pre-determined weight of collected first blood 
co«ponent to the pte-deter»ined weight of collected second 
blood component is preferably from 1.7:1 to 2.3:1. 

The pre-determined weight of collected first blood 
component is preferably from about 0.1 grams, eg 0.5 to 5 
grams blood. 

Preferably the first blood component is a cellular 
component and the second blood component is a plasma 
component • 

The primary blood component collection phase may also 
include a reinfusion stage comprising returning first 
blood component from Its respective blood component 
collection chamber to the donor, the reinfusion stage 
being Initiated by one of the collected first and second 
blood components attaining a pre-determined weight. 

The operating sequence may also Include a secondary 
blood component collection phase comprising displacement 
of second blood component from the separation chamber 
along Its respective blood conponent conduit by returning 
first blood component from Its respective blood component 
collection chamber to the separation chamber, the 
secondary blood component collection phase being initiated 
by the collected second blood component attaining a 
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pre-aeter»lnea welsht. 

Th. <»er.tln9 «<3ueBC. «.y Iotth« Inclod. . final 
„ln£a.ion ph.« e«*rlsln9 conveying th. contents of the 
..p«.tlon ch.-..r to th. first blood oo,.pon.nt collection 
ch»*.r and the. returning the content, of the first blood 
eo^..t coUectlon chafer to th. donor, tb. final -. 
,.l„f„.lon Phase being Initiated by the collected second 
blood «»pon.nt attaining a pr.-a.t.r.ln.d «lght. 

The final relnfu.lon phase .ay also be terminated by 
I the first collected blood coi«on.nt attaining a 
pre-d.t.r»ln.d wight. 

Th. ~.n. r..pon.lv. to th. «lght of fluid In .ach 
of th. first and ..cMd blood «»po«.nt eoUectlon 
cha.*«. Pr.f.»tly Includ.. el«tronlc «.lght tra„.duc.r.. 
5 Th. syst.. control ..an. Include, preferably ..an. 

„spon.lve to the presence or absence of fluid I. the 
jirst blood co,»on.nt conduit, th. s«ond blood co.pon.nt 
conduit and/or th. r.tum conduit. 

The primary blood co.n«nenl collection ph.s. 1. 
20 pr.f.rably Inltlatad ^ the detection of fluid In on. of 
th. first and s.ccnd blood cow>on.nt conduits. 

When th. op.ratlng s.qu.nc. l«clud.s a final 
relnfuslon phase, that phase 1. prefer^ly ter.lnated by 
the detection of the absence of fluid In the r.turn 
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The means responsive to the presence or absence o£ 
fluid preferably includes optical or ultrasonic 
transducers. 

we prefer the blood fractionation system to comprise 
a disposable blood fractionation pathway and a blood 
fractionation apparatus. In particular, we prefer the 
separation chamber, the first and second blood component 
collection chambers, the first and second blood component 
conduits, the donor conduit and the return conduit 
together to constitute a disposable blood fractionation 
pathway adapted for use with a blood fractionation 
apparatus including the cetrifugal rotor chamber, the 
donor pump, the blood component pump and the system 

control means. 

According to the invention there is also provided a 
blood fractionation pathway, for use in association with . 
blood fractionation apparatus Including a centrifugal 
separation chamber, the pathway comprising a separation 
chamber adapted for placement within the rotor chamber of 
the blood fractionation apparatus, 

first and second blood component collection chambers 
first and second blood component conduits for 
establishing fluid communication between the separation 
chamber and the first and second blood component 
collection chambers respectively, 

25 
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a donor conduit capable of establishing fluid 
cononunlcaticn between a donor and the separation chamber, 

and a return conduit for establishing fluid 
conmunication between one of the blood co«.ponent 
collection conduits and the donor conduit. 

The donor conduit and first and second blood 
component conduits may coimnunicate with the separation 
chamber by means of a rotatable seal. However, we prefer 
the conduits to be adapted for use with a blood processing 
device m which no rotating seal is required, eg devices 
of a known type in which the centrifugal separation 
chamber is rotated with twice the angular velocity of a 
chamber suEi^ort frame to which the conduits are attached. 

The separation chamber may comprise an assembly of 
two or more containers which are adapted to be 
symmetrically disposed about the axis of centrlfugatlon. 
However, we prefer the separation chamber to be a single 
container which is substantially toroidal In shape. A 
toroidal container may be made, for example from a length 
of tube sealed at each end. We particularly prefer the 
donor conduit to communicate with one end of the tube and 
the first and second blood component conduits to 
communicate with the opposite end of the tube. 
In a particularly preferred embodiment, the 
5 separation chamber is provided on its internal surface 
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with a plurality of longitudinal ribs. Two of said ribs 
are preferably located adjacent to the orifice of the 
first or second blood component ccanduit and are of 
substantially greater depth than the remaining ribs. 

For centrifugal separation to occur, the separation 
chamber is provided with container walls which in use are 
radially separated. Each of the blood component conduits 
terminates within the separation chamber. We prefer one 
of the blood conqponent conduits to terminate immediately 
adjacent to the inner radial wall. This enables the light 
fraction (eg plasma) of whole blood to be collected. He 
particularly prefer this conduit to terminate within a 
small blister or lagoon, which projects f rcmi the inner 
radial wall of the container towards the axis of 
centrifugation. The other blood conqponent conduit 
preferably terminates immediately adjacent to the outer 
radial wall of the separation chamber. This enables the 
heavy fraction (eg rich in red blood cells) to be 
collected. 

We prefer the return conduit to establish fluid 
communication between the heavy fraction blood conqponent 
conduit and the donor conduit. 

We prefer the first and second blood component 
conduits and the donor conduit to be connected to the 
separation chamber by nipples. We particularly prefer 
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that blood coHponent conduit whiob ter»inates immediately 
adjacent to the inner radial wall of the separation 
chamber to be connected to the separation chamber by means 
of a nipple with a substantially frusto-conical orifice. 

The donor conduit is preferably provided with a 
pressure pouch or -mouse-, which is. capable of actuating a 
pressure sensor provided on the blood fractionation 
apparatus. Such a sensor may be used to monitor both the 
loading pressure, when whole blood is withdrawn from the 
donor, and return pressure, when blood component, eg an 
enriched red blood cell component, is returned to the 
donor. The pressure pouch is preferably located on the 
donor conduit between the junction of the return conduit 
with the donor conduit and the point of attachment of the 

donor conduit to the donor. 

The donor conduit may also be provided with a filter 
pouch. The filter pouch is preferably located on the 
donor conduit between the junction of the return conduit 
with the donor conduit and the point of attachment of the 
donor conduit to the donor. 

When the separation chamber comprises a tube sealed 
at both ends, donor conduit is preferably connected to the 
separation cha«4,er at the oj^osite end of the separation 
chamber to the end at which the first and second blood 
J component conduits are connected to the separation chamber. 
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He prefer a portion of the pathway including the 
portion which undergoes angular notion to be oade of 
torsion-stiff, but flexible material, eg nylon. The 
remainder of the pathway may be made of compliant 
material, eg polyvinyl chloride. Surprisingly we have 
found that good lealcproof seals can be maide between the 
torsion-stiff and the compliant materials using 
cyanoacrylate adhesives. 

The blood component fractionation system is 
preferably provided with an anticoagulant container and an 
anticoagulant conduit for establishing fluid communication 
between the anticoagulant container and the donor conduit. 

The anticoagulant conduit is preferably of sufficient 
length that a portion of the conduit is adapted to make an 
operative contact with fluid conveyancing means, eg a 

peristaltic pump. 

According to the invention there is also provided a 

method of fractionating blood comprising separating the 
blood into first and second blood components in a 
separation chamber and collecting said first and second 
blood components in at least one collection cycle during 
which blood is continuously drawn from a donor, the 
collection cycle comprising conveying first one and then 
the other blood component to first and second blood 
component collection chambers respectively. 
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Preferably upon termination of the collection of said 
first and second blood components, one of said first and 
second components is returned to the donor. 

According to the invention there is also provided a 
method of fractionating blood comprising separating the 
blood into first and second blood components In a 
separation chamber and collecting said first and second 
blood components in first and second blood component 
collection chambers respectively, wherein the method 
includes a phase during which no blood is drawn from a 
donor and one of said first and second blood components is 
collected by displacing it from the separation chamber by 
returning the other one of said first and second blood 
components from its respective blood component collection 
chamber to the separation chamber. 

When the fractionation method is plasmapheresis, we 
prefer the blood component returned to the separation 
chamber to be the cellular component and the component 
displaced from the separation chamber to be plasma. 

According to the invention there is also provided a 
method of fractionating blood comprising separating the 
blood into first and second blood components in a 
separation chamber and collecting said first and second 
blood components in first and second blood component 
collection chamber respectively, wherein the method 
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Includes a final reinfusion phase in which the contents of 
the separation chamber are conveyed to one of the first 
and second blood component collection chambers and the 
contents of the blood component collection chamber are 
then returned to the donor. 

According to a further aspect of the invention there 
is provided a method of fractionating blood comprising at 
least one primary blood component collection phase during 
which blood is drawn from a donor and separated into first 
and second blood components in a separation chamber, a 
secondary blood component collection phase during which no 
blood is drawn from the donor, and a final reinfusion 
phase # wherein 

said primary blood component collection phase 
ccMoprises at least one blood component collection cycle 
during which blood is continuously drawn from the donor 
and a reinfusion stage, the blood component collection 
cycle comprising conveying first one and then the other 
blood component to the first and second blood component 
collection chambers respectively, and the reinfusion stage 
comprising returning the first blood component from its 
respective blood component collection chamber to the donor, 

said secondary blood component collection phase 
comprises displacement of second blood component from the 
separation chamber to its respective blood component 
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collection chamber by returning first blood component from 
its respective blood component collection chamber to the 
separation chamber, and 

said final reinfusion phase comprises conveying the 
contents of the separation chamber to the first blood 
component collection chamber and then returning the 
contents of the first blood component collection chamber 

to the donor. 

Where the blood fractionation system comprises a 
blood fractionation pathway and a blood fractionation 
apparatus, the blood fractionation apparatus preferably 
includes means for conveying fluid to and from a donor, eg 
a peristaltic pump capable of moving both forwards and 
backwards. The apparatus preferably includes a further 
means for conveying fluid, for conveying one of the 
fractionated blood components to its blood component 
collection chamber. The apparatus is preferably a 
centrifugal fractionation apparatus, provided with a 
centrifuge rotor. More preferably, the apparatus is 
provided with means for rotating a looped portion of the 
donor conduit of a pathway at half the angular velocity of 
the rotor chamber, such that continuous separation of 
blood can be effected without the need for rotating seals. 

When the pathway for use in association with the 
apparatus includes an anticoagulant chamber, the apparatus 
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is preferably provided with means for conveying 
anticoagulant, eg a peristaltic pump. 

The apparatus is preferably provided with means 
responsive to a pre-determined maximum weight of fluid in 
one of the blood component collection chambers* The 
apparatus is more preferably provided with means 
responsive to pre-determined weights of fluid in each of 
the blood component collection chambers. 

The means respsonsive* to the weight of fluid in one 
or each of the blood component collection chambers may 
include an electronic weight transducer. 

The apparatus may further be provided with pressure 
response means responsive to a pressure pouch located on 
the pathway. The pressure response means is preferably 
capable of responding to relatively high donation 
pressures as well as low return pressures. The pressure 
response means is preferably operably connected to system 
control means capable of terminating a fractionation 
procedure if certain pre-determined operating criteria are 
not met. 

A preferred embodiment of the invention will now be 
illustrated with reference to the accompanying drawings in 
which 

fig 1 is a diagrammatic representation of a blood 
component fractionation system including a separation 
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chamber 1, and 

fig 2 Is a cross-section through the separation 

chamber along the line II - IV in figure 1. 

Referring first to figure 1, a blood fractionation 
5 system comprises a blood fractionation pathway and an 
extracorporeal blood fractionation apparatus having a 
centrifugal rotor chamber. The blood fractionation 
pathway is a disposable unit made substantially of 
plastics material and adapted for easy mounting on the 
10 blood fractionation apparatus. The pathway Includes a 
separation chamber 1 formed from a tube arranged In the 
general shape of a torold and sealed at each end. The 
separation chamber Is adapted for placement In the 
centrifugal rotor chamber of the blood fractionation 

15 apparatus. 

The separation chamber 1 Is provided with Inner and 
out chamber walls. 2 and 3 respectively, which in use are 
radially separated. The separation chamber 1 is provided 
at one end with a first blood component conduit 4 (the 
20 plasma conduit) and a second blood component conduit 5 
(the red blood cell conduit) . The plasma conduit 4 
terminates within the separation chamber 1 Immediately 
adjacent to the inner wall 2 within a small blister 6 In 
the inner wall which protrudes towards the axis of 
25 centrlfugatlon. The plasma conduit 4 connects the 
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separation chamber 1 with a first blood component 
collection chamber (plasma container) 7. 

The red blood cell conduit 5 terminates within the 
separation chamber 1 immediately adjacent to the outer 
wall 3 and connects the separation chamber 1 with a second 
blood component collection chamber (red blood cell 
reservoir) 8. 

The separation chamber 1 is further provided, at its 
other closed end portion, with a donor conduit 9 which 
joins the separation chamber 1 with a donor, eg via a 
phlebotomy needle 10. 

A return conduit 11 is provided which establishes 
fluid communication between the .red blood cell conduit 5 
and the donor conduit 9. 

The donor conduit 9 is further provided with an 
anticoagulant conduit 12 which establishes communication 
between the donor conduit 9 and an anticoagulant chamber 
13. 

The donor conduit 9 is provided with a pressure pouch 
or "mouse" 14 which is located between the junction of the 
anticoagulant conduit 12 with the donor conduit 9 and the 
junction of the return conduit 11 with the donor conduit 
9. The donor conduit is further provided with a filter 15. 

The blood component fractionation apparatus includes 
an anticoagulant peristaltic pump 16, a blood peristaltic 
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pump 17, a red cell peristaltic pump 18, a pressure sensor 
19, a aonor conduit uftrasonlc transducer 20, a blood 
optical transducer 21, a red cell optical transducer 22, a 
plasma optical transducer 23, a donor conduit clamp 24, a 
return conduit clamp 25, a plasma conduit clamp 26, a 
plasma reservoir ultrasonic transducer 27 and a return 
conduit ultrasonic transducer 28. The apparatus Is 
further provided with a first weight transducer 29 adapted 
to respond to the weight of plasma chamber 7, a second 
weight transducer 30 adapted to respond to the weight ot 
ted cell component chamber 8 and a third weight transducer 
31 adapted to respond to the weight of anticoagulant 
chamber 13. Components 16 - 31 are arranged to 
operatlvely interact with the blood fractionation pathway 
m a manner which will become clear from the following 
description. 

Referring now to figure 2, the red blood cell conduit 
5 Is connected to the separation chamber 1 by means of 
nipple 32 such that the conduit 5 terminates within the 
chamber 1 close to the outer chamber wall 3. The 
separation chamber 1 Is provided on Its Interior surface 
with a plurality of longitudinal ribs 33, 34. The two 
ribs 34 adjacent to the nipple 32 are of substantially 
greater depth than the remaining ribs 33. In an 
alternative embodiment, which Is not Illustrated, the 
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• separation chamber 1 may be provided with two ribs of 

substantially greater depth than the remaining ribs 33 in 
the wall 3 opposing the nipple 32. 

The blood fractionation pathway is installed in the 
S blood fractionation apparatus, with the separation chamber 
1 radially arranged around- the axis of rotation of the 
rotor in the general form of a toroid. The donor 9, 
plasma 4 and red cell 5 conduits pass along the axis of 
centrifugation A-A* and are fixed at a lower fixed point 

10 X, folded underneath the separation chamber 1, looped 
around the outer wall 3 and attached to an upper fixed 
point 7 which also lies on the axis A-A*« The looped 
portions of conduits 9, 4 and 5 are arranged to rotate 
with one half the angular velocity of the centrifuge rotor 

15 and the associated separation chamber !• This obviates 
the need for a rotating seal and permits rotation of the 
separation chamber 1 without tangling of the conduits. 

The donor conduit 9 interacts with the blood 
fractionation apparatus in the following wayi beginning 

20 from the fixed point Y, the donor conduit 9 passes through 
the blood optical detector 21, then passes through the 
clamp 24, the filter IS and pump 17 before coming to 
pressure pouch 14 which is located so that it is capable 
of actuating the pressure sensor 19* The donor conduit 
25 then passes through the ultrasonic transducer 20 and 
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thence to the phlebotomy needle 10. 

The red blood cell conduit 5 interacts with the blood 
fractionation apparatus in the following way: beginning 
from the fixed point Y, the red blood cell conduit 5 
5 passes through the red cell optical transducer 22 and the 
red cell pump 18 and after the junction of the return 
conduit 11 with the red blood cell conduit 5 terminates in 
the red cell reservoir 8. 

The plasma conduit 4 interacts with the blood 
LO fractionation apparatus in the following way: beginning 
from the fixed point Y, the pla8«a conduit 4 passes 
through the plasma optical transducer 23, plasma conduit 
damp 26 and plasma conduit ultrasonic detector 27 before 
terminating in plasma container 7. 
15 Between its junction with the red cell conduit 5 and 

its junction with the donor conduit 9, the return conduit 
11 passes through the return conduit ultrasonic detector 
28 and the return conduit clamp 25. 

The anticoagulant conduit 12 Interacts with the 

20 anticoagulant pump 16. 

The system is used to collect blood components as 

follows: 

a) After the blood fractionation pathway has been 
installed in the blood fractionation apparatus, the system 
25 is primed with anticoagulant solution from the 
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anticoagulant container 13 by actuation o£ pump 16. 
Priming is cOTplete when a pressure rise is detected by 
the pressure sensor 19. 

b) The system is then connected to the donor the 
phlebotomy needle 10. The blood pump 17 and the 
anticoagulant pump 16 operate together to allow controlled 
flow of anticoagulated WLood from the donor. The flow 
rate Is controlled with reference to the fullness of the 
pressure pouch 14 and the pumps 17 and 16 slow if the flow 
of blood from the donor reduces so that the draw rate 
never exceeds the donor bleeding rate. The speed of the 
pump 16 Is adjusted so that anticoagulant Is delivered at 
about 8% of the blood flow rate. Typically the blood flow 
rate Is about 65 ml/min. During this phase of operation 
the return conduit clamp 25 Is closed and the clamps 24 
and 26 are open. 

c) Once blood reaches the separation chamber 1 (detected 
by the blood conduit optical transducer 21) the centrifuge 
rotor starts to spin. The pumps 16 and 17 continue to 
deliver anticoagulated blood into the separation chamber 1 
where the centrifugal field concentrates the red cell 
component tdwards the outer surface 3. 

d) When red cells are detected by optical transducer 22, 
the separation chamber 1 is fulli clamp 24 is closed and 
clamp 25 opened to flush any air from the loop of; the 



0214803 

- 22 - 

return conduit 11. 

(e) With clamp 24 open and 25 and 26 closed, the red cell 
pump 18 is actuated to fill the red cell conduit 5. When 
the weight transducer 30 has detected about 5g of red 
cells in chamber 8, the rotor is accelerated to about 1800 
rpro. 

(f) Plasma and red cell components are then collected by 
alternately conveying fluid along plasma conduit 4 then 
red cell conduit 5. This is achieved by running red cell 
pump 18 with clamp 26 closed until a pre-determined amount 
of red cells, eg 2-5g, is detected by transducer 30, then 
red cell pump 18 is stopped, clamp 26 opened and plasma 
collected in chamber 7 until a pre-determined amount of 
plasma is detected by transducer 29. 

15 (g) This alternating collection cycle is repeated until 
the weight of red cell chamber 8 exceeds a pre-determined 
maximum weight, detected by transducer 30, whereupon pumps 
16, 17 and 18 are stopped, clamp 25 opened, clamps 24 and 
26 closed, the direction of blood pump 17 reversed, and 

20 the red cell rich fraction returned to the donor. The 
resistance to flow during reinfusion is monitored by the 
pressure sensor 19. Should the back pressure become 
excessive the blood pump 17 is stopped. The ultrasonic 
transducer 20 monitors the donor conduit 9 and reinfusion 

25 is stopped if air is detected. 
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(h) When the weight of red cell chamber B, detected by . 
transducer 30, falls below a pre-determlned ainlnum, blood 
pump 17 is stopped and providing the plasma chamber 7 is 
not full a new WLood withdrawal sequence is started, by 
repeating the sequence (e) to (g) drawing blood and 
running in anticoagulant as in (b) with the rotor chamber 
rotating at ISOOrpm, harvesting plasma, until a 
pre-determined weight slightly less than the total 
required weight of plasma has been collected (ca 500g), 
detected by transducer 29. 

1) Additional plasma is then obtained from the whole 
blood remaining in the separation chamber 1, without 
taking further blood from the donor. Pumps 16 and 17 are 
stopped and, with clamp 26 open and clamps 24 and 25 shut, 
" the red cell pump 18 returns fluid from the red cell 
reservoir 8 to the separation chamber 1, so displacing 
plasma into the plasma conduit 4 and hence Into the plasma 
reservoir 7. This process continues until the total 
required weight of plasma has been collected. 
20 j) The centrifuge rotor then stops, clamp 26 Is shut and 
pump 17 reverses, so pumping the contents of the 
separation chamber 1 to the red cell reservoir 8. 
Emptying of the separation chamber 1 Is facilitated by the 
ribs 33, 34 on Its Internal surface which prevent complete 
collapse of the separation chamber 1. When the separation 
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chamber 1 is substantially empty (detected by optical 
transducer 22), the pump 18 stops, the clamp 25 opens and 
the blood pump 17 returns the contents of the red cell 
reservoir 8 to the donor. Reinfusion continues until the 
red ceU reservoir 8 is substantially empty, 
k) The donor is disconnected and the plasma reservoir 7 
sealed and separated from the remainder of the blood 
fractionation pathway which is removed from the blood 
fractionation apparatus and discarded. 

The pathway Illustrated may be constructed from a 
variety of bloacceptable materials. However, we 
particularly prefer the majority of the pathway to be 
formed from polyvinyl chloride or polycarbonate, with the 
portion of the pathway from X to Y being of a more torsion 
stiff, but flexible material, eg nylon. The join between 
torsion-stiff portion and the remainder of the pathway is 
preferably at the upper fixed point Y. The two materials 
may be sealed together using a cyanoacrylate adhesive. 
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what we claim iB t 

1. h blood fractionation system comprising 
a centrifugal rotor chamber, 

a separation chamber (1) adapted for placement within 
the rotor chamber, 

first and second blood oompment collection chambers 

(7, 8 respectively), 

first and second blood component conduits (4, 5 . 
respectively) for establishing fluid connuni cation between 
the separation chamber (1) and the first (7) and second 
(8) blood component collection chambers respectively, 

a donor conduit (9) capable of establishing fluid 
communication between a donor and the separation chamber 

(l)r 

a return conduit (11) for establishing fluid 
communication between one of the blood component conduits 
(4, 5) and the donor conduit (9), 

a donor pump (17) capable of pumping fluid along the 
donor conduit (9) , 

a blood component pump (18) capable of pumping fluid 
al<»g one of the blood component conduits (4, 5), and 

system, control means (19 - 31) including means (29, 
30) responsive to the weight of fluid in each of the first 
(7) and second (8) blood component collection chambers, 
the system control means being adapted to control the 
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system during an operating sequence comprising at least 
one primary blood component collection phase during which 
blood is drawn from a donor, the collection phase 
comprising at least one blood component collection cycle 
during which blood is continuously drawn from the donor 
and first blood component is conveyed along its respective 
blood component conduit (4) whilst flow along the second 
blood component conduit (5) is stopped, and then second 
blood component is conveyed along its respective blood 
component conduit (5) whilst flow along the first blood 
component conduit (4) is stopped, such that in operation 
flow of fluid along the first blood component conduit (4) 
is stopped, and flow of fluid along the second blood 
component conduit (5) initiated, by the collected first 
blood coii«)onent increasing by a pre-determined weight, and 
flow of fluid along the second blood component conduit (5) 
is stopped, and flow of fluid along the first blood 
component conduit (4) initiated, by the collected second 
blood component increasing by a pre-determined weight. 

2. A blood fractionation system according to Claim 1, 
wherein the means responsive to the weight of fluid in 
each of the first (7) and second (8) blood component 
collection chambers includes electronic weight transducers 
(29, 30). 

3. A blood fractionation system according to any one of 
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the preceding claims, wherein the first blood component is 
a cellular component and the second blood component is a 
plasma component* 

4. A blood fractionation system according to Claim 1, 
wherein the ratio of the pre-determined weight of 
collected first blood component to the pre-determined 
weight of collected second blood component is from 1.7:1 
to 2.3:1. 

5. A blood fractionation system according to Claim 1, 
wherein the pre-determined weight increase of collected 
first blood component is from 0.1 to 20 grams. 

6. A blood fractionation system according to any one of 
the preceding claims, comprising 

a disposable blood fractionation pathway (1 - 15) 
including the separation chamber (1)> the first (7) and 
second (8) blood component collection chambers, the first 
(4) and second (5) blood component conduits, the donor 
conduit (9) and the return conduit (11) and 

a blood fractionation apparatus (16 - 31) including 
the centrifugal rotor chamber, the donor pump (17), the 
blood component pump (18) and the system control means (19 
- 31). 

7. A blood component fractionation pathway (1 - 15), for 
use in association with a blood fractionation apparatus 
including a centrifugal rotor chamber, the pathway 
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comprising 

a separation chamber (1) adapted for placement within 
the rotor chamber o£ the blood fractionation apparatus r 

first (7) and second (8) blood component collection 
chambers r 

first (4) and second (5) blood component conduits for 
establishing fluid communication between the separation 
chamber (1) and the first (7) and second (8) blood 
component collection chambers respectively, 

a donor conduit (9) capable of establishing fluid 
communication between a donor and the separation chamber 
(1), and 

a return conduit (11) for establishing fluid 
communication between one of the blood component conduits 
(4, 5) and the donor conduit (9). 

8. A blood fractionation pathway according to Claim 7, 
wherein the separation chamber (1) is substantially 
toroided in shape. 

9. A blood fractionation pathway according to Claim 8, 
wherein thei separation chamber (1) comprises a tube sealed 
at both ends. 

10. A blood fractionation pathway according to any one of 
Claims 7 to 9r wherein the first blood component conduit 
(4) terminates at a position adjs^cent to the wall (2) of 
the separation chamber (1) closest to the axis of 
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centrifugation, the second blood component conduit (5) 
terminates at a position adjacent to the wall (3) of the 
separation chamber (1) furthest from the axis of 
centrifugation, and the donor conduit (9) terminates at a 
position substantially equidistant from said walls (2, 3). 

11. A blood fractionation pathway according to any one of 
Claims 7' to 10, wherein the first blood c(»ponent conduit 
(4) terminates within a blister (6) projecting inwardly 
from the separation chamber (1) towards the axis of 
centrifugation. 

12. A blood fractionation pathway according to any one of 
Claims 7 to 11, wherein the donor conduit (9) is provided 
with a pressure pouch (14) which is capable of actuating a 
pressure sensor (19) provided in the blood fractionation 
apparatus. 

13. A blood fractionation pathway according to any one of 
Claims 7 to 12, wherein the donor conduit (9) is provided 
with. a filter pouch (15). 

14. A blood fractionation pathway according to any of 
Claims 7 to 13, wherein the separation chamber (1) is 
provided on its internal surface with a plurality of 
longitudinal ribs (33, 34). 

15. A blood fractionation pathway according to Claim 9, 
wherein the donor conduit (9) is connected to the 
separation chamber (1) at the opposite end of the 
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separation chamber (1) to the end at which the first (4) 
and ssecond (5) blood component conduits are connected to 
the separation chamber (1). 

16. A blood fractionation pathway according to any one of 
Claims 7 to 15, wherein a portion of the pathway including 
that portion which undergoes angular motion is made of 
torsion-stiff but flexible material and the remainder of a 
compliant material* 

17. A blood fractionation pathway according to Claim 16, 
wherein the torsion-stiff but flexible material is nylon 
and the compliant material is polyvinylchloride. 

18. A blood fractionation apparatus for use in 
association with a blood fractionation pathway according 
to any one of Claims 7 to 17. 

19. A method of fractionating blood comprising separating 
the blood into first and second blood conponents in a 
separation chamber (1) and collecting said first and 
second blood components in at least one collection cycle 
during which blood is continuously drawn from a donor, the 
collection cycle comprising conveying first one and then 
the other blood component to first (7) and second (8) 
blood component collection chambers respectively. 

20. A method of fractionating blood comprising separating 
the blood into first and second blood components in a 
separation chamber <1) and collecting said first and 
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second blood exponents in first (7) and second (8) blood 
coaponent collection chambers respectively, wherein the 
method includes a phase during whid) no blood is drawn 
from a donor and one of said first and second blood 
components is collected by displacing it fron the 
separation chamber (1) by returning the other «ne of said 
first and second blood cmponents from its respective 
blood component collection chamber (7, 8) to the 
separation chamber (1) . 

21. A method of fractionating blood comprising separating 
the blood into first and second blood components in a 
separation chamber (1) and collecting said first and 
second blood components in first (7) and second (8) blood 
component collection chambers respectively, wherein the 
method includes a final reinfusion phase in which thei 
contents of the separation chamber (1) are conveyed to one 
of the first (7) and second (8) blood component collection 
chambers and the contents of that blood component 
collectim chamber are then returned to the donor. 
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Fig. 2. 




